Following the experimental discovery of the superdeformed(SD) band in 62 Zn, we calculate several low-lying SD bands in neutron-deficient 30 Zn isotopes using Relativistic Mean Field model. For comparison, we also perform nonrelativistic Skyrme-Hartree-Fock calculation of the SD bands in 62 Zn. Both models give somewhat smaller moments of inertia than the observed ones, but we can see some qualitative differences in the results of these two models, which seem to be coming from the difference of the order of single-particle levels through that in the equilibrium deformation.
I. INTRODUCTION II. FORMULATION
The starting point of RMF model is the following Lagrangian which contains the nucleon and several kinds of meson fields such as σ-, ω-and ρ-mesons, together with the photon fields(denoted by A) mediating the Coulomb interaction,
where
are the field strength tensors. L int is the interaction part between nucleons and mesons, L int = g σ ψψσ − g ω ψγ α ψω α −g ρ ψγ α τ ψ · ρ α − eψγ α 1 + τ 3 2 ψA α . In the standard applications, the non-linear self interactions among the σ-mesons,
are also included, which are turned out to be crucial for the realistic description of deformed nuclei. Applying the variational principle to the Lagrangian,
gives the equation of motion for each field. Within the mean field approximation, these are the Dirac equation for single nucleon fields ψ i and the Klein-Gordon equations for the classical meson and photon fields. After solving these equations, we can calculate various properties of finite nuclei. For the application to rotating nuclei within the cranking assumption, it is necessary at first to write the Lagrangian in the uniformly rotating frame rotating around the x-axis with a constant angular velocity Ω, from which the equations of motion in this rotating frame can be obtained. Because the rotating frame is not an inertial one, a fully covariant formulation is desirable and we accomplished this using the technique of general relativity known as tetrad formalism [7] . The procedure is as follows: First, according to tetrad formalism, we can write the Lagrangian in the non-inertial frame represented by the metric tensor g µν (x). Then the variational principle gives the equations of motion in this non-inertial frame. Finally, substituting the metric tensor of the uniformly rotating frame,
leads to the desired equations of motion. The resulting equations are
where the ρ-meson and photon fields are omitted for simplicity although they are included in the numerical calculation. These equations are the same as those of Munich group. For detail, see Ref. [8] .
III. NUMERICAL RESULTS
These equations are solved by the standard iterative diagonalization method using the three-dimensional harmonic oscillator eigenfunctions. Because our method of numerical calculation is essentially the same as that of Munich group [9] and its details are shown in Ref. [10] , we here give only the model parameters used. The cutoff parameters for the nucleon and the meson fields are taken to be N F =8 and N B =10, respectively. We adopted these ones smaller than those used in recent RMF calculations for heavier nuclei, N F =N B =12, so as to make the systematic examination tractable. Although an optimization of the basis deformation parameters is done, dependence on the truncation of the expansion should be checked in more detail, which will be discussed in a near future work. The parameter set called NL-SH is adopted which is known to give a better description of β-unstable nuclei [11] than others. For the lowest SD band in 62 Zn we also examine other sets, NL1 and NL3. Our calculation is performed for 4 zinc isotopes, 60 Zn, 62 Zn, 64 Zn and 66 Zn. In the ground states of these nuclei, all valence nucleons are in the N=3(pf ) orbits. The SD states can then be generated by putting some nucleons into the N=4 intruder orbits, these configurations are symbolically denoted as π (3) −Np (4) Np ν(3) −Nn (4) Nn . According to Ref. [3] , the proton configurations are fixed to N p =2. Different SD bands are then formed depending on the number of neutrons lifted into the N=4 orbits, which are taken as N n =2 -4 in this work.
The calculated dynamical moments of inertia of several SD bands in 62 Zn are shown in the upper part of Fig.1 ; configurations A:π(3) The experimental data are also shown in the figure. This indicates that the bands D4 and C look to reproduce the experimental values well. Independent information can be extracted from the excitation energies although they have not been measured yet. The total Routhians for the bands mentioned above are shown in the lower part of Fig.1 relative to a rigid rotor reference. For I < ∼ 25 the band A is the lowest one while the band D1 comes down for I > ∼ 25. Although it is natural to assume that the observed SD band is the lowest one, the moments of inertia of the bands A and D1 are too small in comparison with the observed values as can be seen from the figure. The bands D4 or C are located at more than 1 MeV higher than the lowest one. A possible origin of this contradiction is that the parameter set used is not the best one, since, as mentioned in Ref. [12] , dependence on adopted parameter sets may be clearly seen in this mass region. To check this, we calculate the moment of inertia of the band A using other RMF parameter sets, NL1 and NL3. The result is shown in Fig.2 . Aside from some quantitative differences, for instance, the frequency where the bandcrossing occurs, no essential difference in the magnitudes of the moments of inertia is seen among these parameterizations. Therefore the origin of the contradiction mentioned above may be attributed to effects which are neglected in the present calculation, such as residual neutron-proton pairing correlations or the reflection asymmetric shapes in connection with the cluster-like structure.
For other isotopes, there are no experimental data up to now and we show only the calculated values. Figures 3, 4 and 5 show the moments of inertia and the excitation energies of several SD bands in 60 Zn, 64 Zn and 66 Zn, respectively. As a whole, the more nucleons are put in the N=4 orbits, the larger the moments of inertia become at Ω > ∼ 1 MeV. For 60 Zn, the band A is the lowest in the whole frequency range considered, while the position of the bands D are lowered in 64 Zn and 66 Zn. This is because the (++) level arising from the [431 3/2] orbit is located lower than the [310 1/2] orbit in the heavier isotopes. For the lowest SD band in 60 Zn, Ragnarsson's prediction [2] is available and our result is consistent with his.
For comparison, we also perform SHF calculations for the SD bands in 62 Zn, using the code HFODD which was developed by Dobaczewski and Dudek [13] . The parameter set SLy4 [14] is adopted since this set is more suitable for β-unstable nuclei than other sets. Besides, other sets we examined such as SkM* and SkP seem not to give the SD minima for 62 Zn. Figure 6 shows the calculated moments of inertia and the excitation energies for the same SD bands as RMF calculation in 62 Zn. Here we can see similar trends to those of RMF shown in Fig.1 , that is, the lowest SD band A can not reproduce the experimental values. The bands D3 and C which give the best results are again located at more than 1 MeV higher. These results look to support our conjecture that effects which are not included in the present calculations, such as those of residual neutron-proton pairing and/or reflection asymmetric shapes, play a role. Looking at the results of the calculations closely, however, there exist some differences between RMF and SHF. These differences are arising from those in the occupied single-particle orbits. Figure 7 shows the single neutron Routhians as functions of the rotational frequency. All the orbits below the N=32 gap are occupied. We notice that the position of the [310 1/2] orbit in SHF calculation is quite different from that in the RMF calculation. It is located lower than the [303 7/2] orbit, and therefore, the last neutron occupies the [310 1/2] orbit in the SHF calculation rather than the [303 7/2] orbit in RMF, which leads to the qualitative differences between RMF and SHF. This difference in the single-particle levels can be directly related to that in the deformation parameter β 2 . Figure 8 shows the calculated β 2 for band A in 62 Zn. Both models reproduce the experimental value within the error bar. The RMF calculation gives β 2 ∼0.40 and γ ∼ 4
• for Ω ∼1.0 MeV, while in the SHF calculation we obtain β 2 ∼0.46 and γ ∼0
• . The reason why the deformation differs is as follows: The [303 7/2] orbit is strongly upsloping with respect to β 2 , i.e., anti-deformation-driving, whereas the [310 1/2] orbit is almost flat. The relative position of these two orbits at zero spin is determined by the spherical shell structure of both models. To look into this, we calculate the single neutron levels in the spherical core nucleus, 56 Ni. They are shown in Fig.9 . Although the magnitudes of the L-S splitting are very similar in these two models, there are surely some differences, especially for the ordering in the pf shells. In the SHF calculation, the 2p 1/2 and 2p 3/2 orbits are located below the 1f 5/2 orbit. Because of this, the N =28 shell gap reduces and accordingly the [310 1/2] orbit is relatively lowered in SHF in comparison with the RMF calculation, which induces the different deformations and configurations in these two models for the SD bands in 62 Zn.
IV. SUMMARY
We studied the SD bands in neutron-deficient Zn isotopes using RMF model, including the recently discovered SD bands in 62 Zn. For comparison, we also performed SHF calculation of the SD bands in 62 Zn. Both models could not reproduce the experimental moments of inertia well, provided the lowest band corresponds to the experimentally observed one. There exist some qualitative differences between the results of these two models. They seems to be arising directly from the difference in the equilibrium deformation, and it can be understood qualitatively in terms of the difference in the order of single-particle levels of the spherical core.
Because there is only few experimental information up to now, it is too early to draw a conclusion that these two models can not reproduce the experimental data well. At the present stage, more systematic investigation of many nuclei in this mass region using various parameter sets of both RMF and SHF will be necessary, and which is under progress. 
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